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To overcome problems concerning the Sticking of the check 
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vided on the valve rod or a guide element in the vicinity of the 
(21) Appl. No.: 12/171,143 valve rod, whose distance to the limiting element is Smaller 

than the maximum stroke and larger than the nominal stroke 
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(30) Foreign Application Priority Data Thus, it is achieved that the check plate is released from the 
valve seat by means of the stop, when the valve rod is dis 
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COMBINED CHECK AND CONTROL VALVE 

0001. The invention refers to a combination of a check 
valve and a control valve, especially a secondary air valve for 
an internal combustion engine, comprising housing with an 
inlet and an outlet formed therein, one or a plurality of pas 
sages being provided between the inlet and the outlet which 
are each Surrounded by a valve seat and closable by means of 
a check plate, the latter being biased against the one or the 
plurality of valve seats by a spring element Supported, on its 
axially opposite side, on a limiting element which is, at least 
indirectly, fixedly connected to a valve rod operated through 
an actuator, the valve rod being connected, at least indirectly, 
to a stop arranged at a constant distance from the limiting 
element. 

0002. Such combined check and control valves are used in 
particular for a metered introduction of secondary air into the 
exhaust gas path of an internal combustion engine. Here, the 
limiting element to be operated by means of the actuator 
serves to controla Volume of secondary air Supplied, whereas 
the spring-loaded checkplate of such a valve serves to prevent 
a return flow into the secondary air Supply region caused by 
exhaust gas pulses. 
0003) Especially in the warm-up phase of an internal com 
bustion engine, during which a richer mixture is used, the 
Supply of secondary air into the exhaust gas systems serves to 
reduce pollutants, notably CO and HC parts, by after-burning. 
Moreover, the operating temperature of a downstream cata 
lytic converter is reached faster. 
0004 DE 4025267 A1 describes a check valve for a gas 
line, wherein a check plate is biased against a valve seat by a 
plate spring element. A limiting element adjustable by means 
of an actuator abuts the check plate in the closed state of the 
valve with interposition of the spring, while, in the open state, 
this limiting element abuts a fixedly installed maximum 
stroke limit. This limiting element is displaceable between 
these two maximum positions. With such valves, the problem 
arises that the check plate tends to stick to the valve seat either 
due to excessive Soot deposits or due to freezing. 
0005 DE 94.15251 U1 proposes a check valve for a gas 
line, wherein the stroke limiting element is provided with one 
or more recesses in which individual helical springs are 
arranged that bias the check plate against a valve seat. In 
addition, the limiting element has an axial collar in the outer 
circumferential portion, which in the closed state of the valve 
also abuts a valve seat. In order to avoida Sticking of the check 
plate or the limiting element to the valve seats, these are 
provided with a PTFE layer intended to prevent baking. Fur 
ther, this valve comprises a guide element on which the check 
plate slides and which is fixedly secured to the valve rod. This 
guide element has a collar at the end facing towards the 
actuator, the check plate abutting this collar only upon assem 
bly. 
0006 Forming the valve seats from PTFE or with a PTFE 
coating represents an additional manufacturing step and thus 
entails additional costs. Moreover, in long-term operation of 
the valve, coking or frozen water can settle in the area next to 
the valve and may grow beyond the same with time, which 
may also lead to a sticking of the check plate to the valve seat. 
0007. Therefore, it is the object of the present invention to 
provide a combined check and control valve, wherein an 
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adhering check plate can be reliably released, while addi 
tional costs or additional manufacturing steps are to be 
avoided as far as possible. 
0008. This object is achieved with the characterising part 
of the main claim. Accordingly, with a sticking check plate, 
opening the valve beyond the nominal stroke up to a maxi 
mum stroke causes the stop to be pressed against the check 
plate by the force of the actuator, whereby the same can come 
clear of the valve seat. At the same time, the nominal stroke is 
not influenced by the stop, so that the usual function of the 
check plate is maintained. The nominal stroke should be large 
enough for the further stroke movement towards the maxi 
mum stroke to have but little influence on the volume flow to 
be conveyed. 
0009. In a further embodiment, a guide element is 
arranged on the valve rod, on which element the check plate 
slides. Such a guide element prevents a Sticking of the check 
plate to the valve rod and thus prevents an unintentional 
opening of the check plate if exhaust gas counter pressure 
prevails when the limiting element is open. 
0010. In a further embodiment, the stop is in the form of a 
collar at the guide element, so that no additional components 
are needed and the valve can still be manufactured economi 
cally. 
0011 Preferably, the limiting element abuts the check 
plate when the check and control valve is in the closed state, 
whereby unintentional opening is reliably avoided, without 
requiring a second valve seat for the limiting element. 
0012. According to an alternative embodiment, in the 
closed State of the check and control valve, an axial collar at 
the outer circumference of the limiting element abuts a sec 
ond valve seat that surrounds the first valve seat or the first 
valve seats. This, too, reliably prevents an accidental opening 
in the closed State. 

0013. In a preferred embodiment, the actuator is a sole 
noid, so that intermediate positions of the limiting element 
can also be approached by means of a corresponding elec 
tronic control. 

0014. In a further development of this aspect of the inven 
tion, for the actuation of the valve rod, the solenoid may be 
driven with a Voltage below the maximum Voltage, so that, for 
releasing the check plate and for displacing the limiting ele 
ment to the maximum stroke position, the maximum Voltage 
prevails on the Solenoid and the metering positions are 
approached by driving the Solenoid with a lower Voltage, 
where, in particular, the nominal stroke position is 
approached by driving the Solenoid with normal Voltage. 
Thus, a simple displacement between the two positions of the 
limiting element is obtained. 
0015. In an alternative embodiment thereof, the actuator is 
a pneumatically operated actuator, which may beachieved by 
means of an upstream electric Switch-over valve connected to 
a vacuum source. Such embodiments can be manufactured 
economically. Moreover, a pressure controller can be con 
nected upstream, so that again various defined positions could 
be approached. 
0016. In a further embodiment of the invention, the check 
and control valve comprises a position control, whereby inter 
mediate positions can also be approached and, in particular, 
the maximum stroke and the nominal stroke can be differen 
tiated. Even if the marginal conditions change, the position 
control allows for a reliable approach to the desired position 
of the limiting element. 
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0017. To this end, the position control advantageously 
comprises a magnet coupled with the valve rod and being 
operatively connected with a contactless magneto-resistive 
sensor fixedly arranged in the housing. Such position control 
units are practically not subject to any wear and thus have a 
long useful life. 
0018 Preferably, the at least one spring element is a heli 
cal spring radially Surrounding the valve rod so that a uniform 
load on both the limiting element and the check plate results 
therefrom. A tilting of the two components with respect to 
each other and a resulting leakiness of the check plate are 
largely avoided. 
0019. In an alternative embodiment, at least three spring 
elements are provided in pockets 18 of the limiting element 
that are Supported on the check plate. This also prevents a 
tilting of the check plate towards the limiting element and 
thus an accidental opening of the passages. 
0020. A combined check and control valve of such design 

is insensitive to the accretion of ice or soot, since the release 
of the check plate is ensured by the force of the actuator acting 
on the check plate when the valve rod is displaced beyond the 
nominal stroke. Such a valve can be manufactured economi 
cally and has a long service life. Failures in operation are 
largely excluded by this structure. 
0021 One embodiment is illustrated in the drawing and 
will be described hereinafter. 
0022. The FIGURE shows an embodiment of a combined 
check and control valve of the present invention in side eleva 
tional view, the left half of the FIGURE showing the valve at 
the maximum stroke position and the right half showing the 
valve in the closed position. 
0023 The combined check and control valve illustrated is 
substantially formed by a bipartite housing, wherein an inlet 
2 is formed in the first housing part 1 and an outlet 4 is formed 
in the second housing part 3. 
0024. A plate 5 is arranged between the two housing parts 
1, 3, and thus between the inlet 2 and the outlet 4, the plate 
comprising several passages 6 each Surrounded by first valve 
seats 7. The passages 6 are controlled by a check plate 8 so 
that, depending on the position of the check plate 8, either an 
airflow is allowed to flow from the inlet 2 to the outlet 4 or the 
flow path is blocked by the check plate 8 being seated on the 
valve seats 7. 
0025. The check plate 8 is slidably arranged on a valve rod 
9 that may be operated via a pneumatic actuator 10. Accord 
ingly, a first end of the valve rod 9 is fixedly connected to a 
membrane 11 that is part of the pneumatic actuator 10 and 
whose outer circumference is clamped by a cover element 12 
between the first housing part 1 and the cover element 12 so 
that the membrane 11 divides a space between the first hous 
ing part 1 and the cover element 12 into two spaces 13, 14. 
0026. Due to a hole 15 in the cover element 12, atmo 
spheric pressure prevails in the space 13, whereas in the space 
14 therebelow a pilot pressure prevails that is fed into the 
space 14 via a line 16. The line 16 is connected with any type 
of vacuum source so that, depending on the pressure prevail 
ing in the line 16 and thus in the space 14, the valve rod 9 can 
be switched from a rest state to a state in which the valve is 
opened. 
0027. At the opposite, second end of the valve rod 9, a 
limiting element 17 is fastened, which thus moves along with 
the valve rod9 when the actuator 10 is operated. This limiting 
element 17 has a recess 18 formed concentric with the valve 
rod 9 and accommodating a spring element 20 in the form of 

Jan. 22, 2009 

ahelical spring whose first axial end abuts against the limiting 
element 17 and whose opposite axial end abuts against the 
check plate 8. This limiting element 17 is thus displaceable, 
via the valve rod 9, between a closed position and a maximum 
stroke position, the maximum stroke position being illus 
trated in the left half of the FIGURE and the closed position 
being illustrated in the right half of the FIGURE. 
(0028. It can be seen in the right half of the FIGURE that 
the closing element further comprises a collar21 extending in 
the axial direction and abutting against a second valve seat 22 
in the closed position, which is concentric with respect to the 
valve rod 9 and surrounds the valve seats 7 of the check plate 
8 
0029. According to the invention, it is provided that the 
valve rod 9 is formed with a stop 23 which, in the present 
embodiment, is in the shape of a ring arranged in a groove. It 
is also conceivable to form this stop 23 as a radial collar on the 
valve rod 9 or as a corresponding collar on the guide element, 
if the valve rod 9 is provided with a guide element for the 
check plate. This stop 23 is arranged on the valve rod 9 at a 
distance from the limiting element 17, which distance is 
greater than the nominal stroke 25 of the limiting element 27 
for the maximum desired flow and smaller that the maximum 
stroke 28. To obtain the maximum stroke 28, the plate 5 has a 
bore of corresponding size, i.e. it is spaced from the valve rod 
9 so that the stop 23 can be passed through the plate 5. 
0030) If this combined check and control valve is used, for 
example, as a secondary air valve, the valve will in most 
situations be in the position illustrated in the right part, clos 
ing the passages 6. In the warm-up phase of the internal 
combustion engine, it is necessary to additionally blow air 
into the exhaust gas system, so that in this phase a vacuum is 
fed into the space 14 via the line 16. Therefore, the pressure 
prevailing in the space 13 is higher than the pressure in space 
14, so that when a force resulting therefrom exceeds the force 
ofahelical spring 26 arranged in the second space and biasing 
the valve towards the closing position, the valve rod 9 is 
moved in the direction of opening. Thereby, the limiting 
element 17 comes clear of the valve seat 22 so that air can flow 
from the inlet 2 to the outlet 4. This happens as soon as the 
pressure acting on the check plate 8 on the inlet side 2 is 
greater than the pressure exerted by the helical spring 20 on 
the check plate. Usually, this leads to the valve opening, since 
a substantially lower pressure prevails in the area of the outlet 
4than at the inlet 2. Accordingly, the check plate 8 also comes 
clear of the first valve seat 7. Should exhaust gas pulses occur 
that lead to overpressure in the area of the outlet 4, the check 
plate 8 is pressed against the valve seats 7 so that a return flow 
of exhaust gas into the area of the inlet 2 is avoided. 
0031 However, if, for example, at sub-zero temperatures 
prevailing when the engine is started up in winter, the check 
plate 8 should stick to one or a plurality of valve seats 7 due to 
ice or soot accretion in the area of the valve seats 7, the 
function of the valve would be impeded. 
0032 For this reason, it is necessary to provide means with 
which the check plate 8 is released. The stop 23 serves this 
purpose, the stop pressing against the check plate 8, when the 
valve rod 9 is displaced beyond the nominal stroke 25, and 
releases the plate from the valve seat 7 through the force of the 
actuator 7. To serve this function and to avoid impairing the 
function of the check plate 8 at the same time, the axial 
distance between the stop 23 and the collar 21 of the limiting 
element 17, situated on the second valve seat 22 in the closed 
state, is not only Smaller, in the present embodiment, than the 
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maximum stroke 28 of the limiting element 17, but also larger 
than the nominal stroke of the limiting element 17 so that a 
corresponding release through the force of the actuator 10 
only occurs when the nominal stroke 25 is exceeded. In this 
released state, the limiting element 17 is in the maximum 
stroke position 28 illustrated in the left half of the FIGURE. 
To be able to set such different strokes, it would be necessary 
to provide the line 16 with an upstream valve that can set both 
a maximum pressure causing the release of the check plate 8 
and a nominal vacuum that will Subsequently restore the valve 
rod 9 to the nominal stroke. 
0033. It is thus possible, either, upon each start-up of the 
engine, to first displace the valve rod 9 beyond the nominal 
stroke 25 to the maximum stroke 28 and, thus, to ensure a 
release of the check plate 8 upon each start-up, or to provide 
for a current measurement so that the maximum stroke 28 is 
set each time necessary, provided it is first detected that a 
secondary air flow is absent despite the desired setting to the 
nominal stroke 25. 
0034) Further, a position controller could be employed 
that could be formed, for example, by a magnet at the end of 
the valve rod 9 and a contactless magneto-resistive sensor 
corresponding with this magnet, the sensor being arranged a 
the cover element 12, for example. 
0035. Of course, it is also possible to provide such a valve 
with a Solenoid instead of a pneumatic actuator, which Sole 
noid could then be supplied with two different voltages. Usu 
ally, the solenoid could be driven with a normal voltage by 
means of which the nominal stroke 25 of the limiting element 
17 is set, and with a maximum voltage by means of which the 
maximum stroke 28 of the limiting element 17 is set. 
0036. Of course, it is also conceivable to approach inter 
mediate positions using such a Solenoid or also a pneumatic 
actuator, given a corresponding control. 
0037. It should be mentioned that, with an optimum design 
of the valve, the effectively active flow section does not 
change Substantially upon a displacement between the nomi 
nal stroke and the maximum stroke, so that a Sufficient Supply 
of secondary air is ensured. 
0038. It should be evident that various embodiments of the 
structure of the secondary air valve are conceivable, where, 
especially, the arrangement of the spring element 20 can 
differ or be realized by a plurality of spring elements. It has 
already been mentioned that different actuators for such 
valves are conceivable. Further, the field of application of 
Such a valve is not limited to the secondary air Supply 
described above. 

1. A combined check and control valve, comprising: 
a housing having an inlet and an outlet; 
one or more passages arranged between the inlet and the 

outlet, each passage being Surrounded by a respective 
first valve seat; 
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a check plate operable to close each passage; 
at least one spring element operable to bias the check plate 

against the one or more valve seats; 
an actuator, 
a limiting element which is at least indirectly fixedly 

secured to a valve rod operable by the actuator; 
wherein the valve rod is at least indirectly connected with 

a stop situated at a constant distance from the limiting 
element; 

wherein the limiting element Supports the spring element, 
thereby allowing the spring element to bias the check 
plate; and 

wherein the stop is positioned on the valve rod such that the 
stop presses against the check plate when the limiting 
element is opened beyond a nominal stroke. 

2. The combined check and control valve of claim 1, 
wherein a guide element is arranged on the valve rod, on 
which guide element the check plate slides. 

3. The combined check and control valve of claim 2, 
wherein the stop is formed as a collar on the guide element. 

4. The combined check and control valve of claim 1, 
wherein the limiting element abuts on the check plate in a 
closed state of the combined check and control valve. 

5. The combined check and control valve of claim 1, 
wherein, in a closed state of the combined check and control 
valve, the limiting element has an outer circumference with 
an axial collarabutting on a second valve seat Surrounding the 
first valve seat. 

6. The combined check and control valve of claim 1, 
wherein the actuator is a solenoid. 

7. The combined check and control valve of claim 6, 
wherein, for operating the valve rod, the Solenoid is adapted 
to be driven with a Voltage below a maximum Voltage. 

8. The combined check and control valve of claim 1, 
wherein the actuator is a pneumatically operated actuator. 

9. The combined check and control valve of claim 1, 
wherein the check and control valve comprises a position 
control. 

10. The combined check and control valve of claim 9, 
wherein the position control includes a magnet coupled with 
the valve rod and being operatively connected with a contact 
less magneto-resistive sensor fixedly secured in the housing. 

11. The combined check and control valve of claim 1, 
wherein the at least one spring element is a helical spring 
radially Surrounding the valve rod. 

12. The combined check and control valve of claim 1, 
wherein at least three spring elements are arranged in pockets 
in the limiting element, which springs bear on the check plate. 

13. An internal combustion engine exhaust system com 
prising a secondary air valve according to the combined 
check and control valve of claim 1. 
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